In all patients the presence and severitv of pulmonary vascular disease were judged from the extent of residual pulmonary hypertension after operation. The mean pulmonary artery pressure was measured in the operating room after closure of the defect and expressed as a pereentage of the mean systemie pressure. Because the defect is closed, this pereentage is in fact the ratio of pulmonary-to-svstemiiie resistance and we use it as the best available index of pulmonary rascular disease.
T HE auscultatory features of ventricular septal defect have aroused much interest since Roger's original description of the murmur in 1879.
Wood et al.1 noted that the systolic murmur began early and spilled over the second sound. A mitral diastolic murmur was heard in 90 per cent of their severe cases and they attributed it to a torrential mitral blood flow. Mannheimer et al.2 showed that the systolic murmur was faint and was followed by a loud single second sound in patients with a high pulmonary resistance and this was confirmed by Bleifer et al.,3 who also noted that the majority of such patients had a pulmonary ejection sound. Lessof4 found a pulmonary regurgitant murmur in 40 per cent of patients with a pulmonary artery pressure over 30 mm. Hg. Using intracardiae phonocardiography, Feruglio and Gunton5 showed that the mid-diastolic murmur was recorded only in the left ventricle, thus confirming its mitral origin. Craige6 correlated the catheterization findings with the phonocardiogram and found that those with large left-to-right shunts, or smaller shunts with only slight pulmonary hypertension, had pansystolic diamond-shaped murmurs. When severe pulmonary hypertension was present, the murmur was short, being completed in the first third of systole, the second sound was loud and narrowly split, and an ejection click was always present. In patients with very large shunts, Leatham and Segal7 showed that a pulmonary ejection murmur was superimposed on the pansystolic murmur and that the wide splitting of the 
Material and Methods
This study is based on 93 patients whose ventricular septal defect had been coiiipletely closed at open-heart surgery and in whonm a phonocardiogram was available. All patients had a moderate or large defect without a right-to-left shunt; thus this paper includes no examiiples of mnaladie de Roger or of the Eisenmenger syndrome.
In all patients the presence and severitv of pulmonary vascular disease were judged from the extent of residual pulmonary hypertension after operation. The mean pulmonary artery pressure was measured in the operating room after closure of the defect and expressed as a pereentage of the mean systemie pressure. Because the defect is closed, this pereentage is in fact the ratio of pulmonary-to-svstemiiie resistance and we use it as the best available index of pulmonary rascular disease.
In the following analysis our chief concern is to show how the murmurs and heart sounds serve as a guide to pulmonary vascular disease, since this is the chief determinant of success or The three main types of systolic murmur in ventricular septal defect (a) short ejection, (b) long ejection, (c) pansystolic.
good guide to the presence and severity of pulnmonary vascular disease.
The varying shape and length of the murmur are probably related to the different pattern of flow through the defect as the right and left ventricular pressures become more nearly equal. Fig figure 3 and are related to the hemodynamie data. It can be seen that when the bruit is rectangular in shape, the pulmonary hypertension is always trivial. Otherwise the variations in shape seem to have little significance.
Intensity of Systolic Murmur
Reduction of flow through the defect by severe pulmonary vascular disease would be expected to lessen the intensity of the bruit, and the following data show this to be so. There were three patients with only moderately loud (grade II/IV) systolic murmurs, and after closure of the defect they all had severe pulmonary hypertension. Two died within a few days of surgery and the third was 
Systolic Thrill
In many patients the systolic murmur was accompanied by an obvious systolic thrill at the left sternal edge, but in 26 patients the thrill was soft or absent. Only one of these had a large uncomplicated defect, and in four the poor thrill was due to a rather small shunt through a small defect. In the remaining 21, there was an anatomic or physiologic complication in every patient, as shown in table 3.
In the majority of these patients severe pulmonary hypertension was the cause of the weak or absent thrill, acting probably by a reduction of flow through the defect. In five the defect was anatomically unusual, there being multiple defects in three and a muscular or supracristal defect in two others.
Therefore in a patient thought to have a large ventricular septal defect, the absence of an obvious thrill should lead one strongly to suspect either severe pulmonary hypertension or an anatomie complication of the types shown in table 3. In the majority of patients the murmur and thrill caused by the ventricular defect were maximal at the left third to fourth parasternal space. In those with associated pulmonary valve stenosis, the murmur was often louder at the pulmonary area and was transmitted toward both clavicles. The chief interest in the site of the murmur concerns those patients with a defect situated in other than the usual infracristal position. In two patients with a defect shunting directly into the right atrium8 the thrill and bruit were definitely atypical in position, being maximal between the apex and the left sternal edge. There were three patients with a defect in the muscular septum and the systolic bruit was heard at the usual left sternal edge site in two; in the third patient associated mitral disease confused the picture. In four patients with a lone supracristal defect the systolic niurmur was heard maximally toward the pulmonary area.
Associated Lesions Giving a Systolic Murmur
Three patients had associated mitral incompetence, and all had apical pansystolic murmurs. The murmur was not easy to separate from that caused by the ventricular defect, and in all three a loud apical diastolic murmur helped in the diagnosis. In two patients with associated aortic stenosis who are not in this present series, the appropriate systolic murmur was easily recognized. The auscultatory features of those with corrected transposition or peripheral pulmonary artery stenosis have already been reported by us.9 That paper also details the important syndrome associated with ventricular septal defect in which aorta and pulinonary artery both arise from the right ventricle; this syndrome often has a distinctive auscultatory feature, in that a loud ejection systolic murmur or thrill is noted at the right second space.
Mitral Diastolic Murmur
The apical diastolic murmur in ventricular septal defect is usually attributed to the increased flow across the mitral valve and the murmur certainly disappears after operation. In table 4 the length of the mitral diastolic murmur is related to the degree of pulmonary vascular disease and to the presence of pulmonary stenosis in 86 patients without mitral disease.
As can be seen, the length of the mitral diastolic murmur gives little or no indication as to what degree of pulmonary hypertension will be present after surgery. Long bruits occurred with severe, and short bruits with mild pulmonary vascular disease. Furthermore, in two patients with mitral valve disease the presence of a valve lesion was not suspected until the mitral bruit persisted after complete closure of the defect. To The four varieties of pantsystolic murmur are related here to the hemodynamic data.
Mitral Valve Disease
Seven patients had associated congenital mitral valve disease.
Four had nmitral stenosis and the loud long diastolic bruit that was heard in all was accompanied by a thrill in two. Only one patient required mitral valvotomy, and in him there was in addition a presystolic thrill and murmur. Two had combined incompetence and stenosis with apical systolic and diastolic thrills. One patient had mild incompetence only, with an apical pansystolic bruit. One patient (with nmild stenosis) had an opening snap.
Differentiation of the mnitral systolic bruit from that caused by the ventricular defect was comparatively easy in those with severe pulmonary hypertension ( fig. 4) , for in them the ventricular septal defect bruit was ejection in character contrasting with the pansystolic murmur at the apex-and in fact the mitral signs domninated the clinical picture in two such patients. In others the presence of the loud diastolic bruit helped to focus attention on the m-litral valve.
Early Diastolic Murmur
An early blowing diastolic bruit at the base of the heart was heard in 26 patients, and the causes are shown in table 5.
The great imnportance of the early diastolic murnur in ventricular septal defect lies in the fact that it may be the only clue to the presence of an associated patent ductus arteriosus. Extracorporeal circulation is imnpossible until the ductus has been ligated and so prior knowledge of its presence is essential. We could not reliably distinguish clinically between the various causes of an early diastolic bruit ( fig. 5 ) and, hence, used aortography to confirnm or deny the presence of a ductus. In the nmoderately severe instances of aortic incompetence, however, the murmur was well heard down the left sternal edge, whereas in patent ductus it was confined to the pulmonary area. The mnurmur of pulmlonary incompetence was of interest because it occurred for two quite different reasons. In three patients the pulmonary valve was grossly deformiied and all had a considerable systolic pressure gradient in the right ventricle due to infundibular hypertrophy. These patients, as shown Tlhe degree of spSelittig1--is -shown to be a quite us;eful, guide tc l)liionryli vasculari disease. When the second sound(I is closely split. tie patienits mIclv always ha\v-e in oder-ate or-severmel)ul puiolloXr hli pertension after operation, whereas a widely split seconid soutn(d is confined to those withi slight or absent pulmonary vascular disease. Over half of those with a wide split had pulmiioniary stenosis. I1ldtittoarYj stcitosis (a) sec t}e pulnonocatry stebos,iis l/hi mudttlib/e punowlm cirt c losure, and (6) havingpuIg lmnollnary stenosis.
Pulmonary Stenosis
Tweity-two patlienits ha-i-d puhaionary steniosis and thils lesion lihid ani imporLtant influence on the auscultatory findings, although in ino patient was it severe en1ough0l to render th.e left-to-riht shiunit smta1ill or absent. In eight, the steinosis w1as primarily valvular and in 14 prinia.trily infundibularusually hypertrophlied niusele, hut occasionally a trule, dilaphragmt. With pulmon-ary stenosis the systolic imlurn'iui-was always pansy stolic and was cftern aecaopaniiedi by ain intenise thlrill at the pulmaonary area, whicdh sonietiiies hiad a "tearin-" quality. Being loud antiid pansystolic, the iturallur tenided to obscure aortic valve closure. The second heart sounid was abnormiial in all patienits. In the few witlh severe steiiosis pulmonary elosure was immaudible anid the seconid sound was therefore single ( fig. 8 ). In the mtiajority the second sounId was widelv split and thle loudness of pulonmary closure varied witih the sexverity of the obstructioni, being e1Ven11 a8.ccentualtted inl som}1e with miiild steniosis. Tlht, fig. 4 ) over the pulmonary area was heard in six patients. In four there was moderate or severe pulmonary vascular disease, and the click was followed by an ejection systolic murmur. In one there was a very high pulmonary artery pressure due to a large shunt. The sixth patient had a moderate-sized defect with an infundibular gradient of 25 mm. Hg, and the reason for the click was obscure. No other patient with infundibular or valvular stenosis had an ejection click and neither did those patients with an associated atrial septal defect. Discussion
The length and intensity of the systolic murmur provide a very clear guide to the severity of pulmonary vascular disease in ventricular septal defect. We have used the systolic thrill and murmur in the selection of patients for surgery for over 3 years and have found them to be most reliable. In this respect they contrast at times with the results of right heart catheterization. When catheterization demonstrates a considerable elevation of pulmonary vascular resistance, with a small left-to-right shunt, one would expect substantial pulmonary hypertension to be present after surgery. However, we have seen five patients with a pulmonary arteriolar resistance of over 9 units (720 dynes) who had a normal pulmonary artery pressure after operation. In all these five patients there was a pansystolic murmur which correctly indicated, in contrast to the catheterization findings, the absence of serious irreversible pulmonary vascular disease. The It was at first rather surprising to find that the mitral diastolic murmur did not correlate well with the degree of pulmonary vascular disease. This bruit, however, is due to the increased mitral blood flow (as shown by its disappearance when the defect is closed), and in this series the size of the shunt was not greatly different between those with mild and severe vascular disease. Fyler et al.10 also noted that a mitral diastolic murmur was common with severe pulmonary hypertension. Furthermore, unsuspected mitral stenosis can give a quite false significance to a loud, long, mitral diastolic murmur.
When patent ductus is associated with a large ventricular septal defect, the typical continuous murmur is absent, being replaced by an early diastolic bruit at the base. Conversely, Claypool et al.1" have shown that the association of aortic incompetence with ventricular septal defect produces signs that closely mimic a patent ductus. In both situations aortography is essential to clarify the diagnosis. It has been interesting to find the typical ductus murmur absent in patients with a ventricular septal defect and a ductus even when the pulmonary artery pressure was not greatly elevated.
Associated mitral incompetence can be completely masked by the signs of the ventricular septal defect, as we have found when doing left ventricular angiocardiography for some other reason.12 But when there is severe pulmonary hypertension, the ventricular defect bruit becomes ejection in type and then the separate pansystolic murmur at the apex is easily appreciated. The systolic murmur of the ventricular septal defect proved to be an excellent guide to the severity of pulmonary vascular disease. With a pansystolic murmur there was rarely severe pulmonary vascular disease, but with a short ejection murmur moderate or severe pulmonary vascular disease was always present.
The systolic thrill was weak or absent in 26 patients, and 80 per cent of these had an anatomic complication or severe pulmoniary hypertension.
The mitral diastolic murmur was not a grood guide' to the severity of pulmonary vascular disease.
An associated patent ductus arteriosus gave rise to an early diastolic murmur, never to a continuous murmur, and on auscultatory grounds it could not reliably be distinguished from pulmonary or aortic incompetence.
The degree of splitting and the intensity of the second heart sound correlated well with the presenee and severity of pulmonary vascular disease.
Pulmonary stenosis produced characteristic auscultatory features.
A pulmonary ejection click usually indicated the presence of moderate or severe pulmonary vascular disease.
